Research Highlights
Highlights from the last year in nanomedicine Synthetic biology attempts to reproduce emergent behaviors from natural biology with the goal of creating artificial life. The main challenge in this field is the reduction of complex phenomena into functional components, which can be individually engineered and later combined to replicate the macroscopic behavior of the model biological system. Nawroth and coworkers reverse-engineered the mechanics of jellyfish propulsion by studying the structural design, stroke kinematics and fluid-solid interactions of the jellyfish, and exploiting the natural properties of the living and nonliving materials used in the design.
The artificial jellyfish, dubbed 'medusoids', were composed of a bilayer of living muscle tissue and synthetic elastomer arranged in freely movable lobes around a central disc. Medusoid propulsion, like that of a jellyfish, was externally driven by electrically paced power and recovery strokes that alternately contracted the body into a quasi-closed 'bell' and then relaxed into the open-lobed form. The muscle layer, comprised of anisotropic rat cardiac tissue that intrinsically enables spatiotemporally synchronous contraction, replicated the power stroke of the jellyfish. The recovery stroke, which is a consequence of elastic recoil in the jellyfish compliant matrix, was replicated by tuning the stiffness of the synthetic elastomer substrate. The geometry was further refined to allow the formation of overlapping boundary layers between lobes, thereby resisting flow across the lobe gaps. Qualitative and quantitative comparisons of jellyfish and medusoid propulsion showed that the engineered system was able to replicate the momentum, transport and body lengths traveled per swimming stroke of the natural system. This serves as a powerful demonstration of biomimetic swimming of a simple, natural life form, that can be engineered from a few materials and some well-arranged cells. It also represents an important developmental milestone in the rise of biological actuators and has implications in tissue engineering and drug discovery/screening applications.
Reverse engineering jellyfish with rat heart cells Nanopores at the molecular-scale are a potential next-generation DNA sequencing tool and have demonstrated great promise towards that goal [1] . Nano pores identify bases through ionic current modulation generated by DNA occupying the narrowest constriction part of the nanopore. However, the velocity of free DNA translocation through the nanopore is too fast to obtain nucleotide-specific current modulation. In this work, the authors attempted DNA sequencing with a nanopore of Mycobacterium smegmatis porin A (MspA) channel, which has an approximately 1. DNA and heavy metals) demonstrating sensitivities down to femtomolar concentrations. Since the advent of Si-NW FETs, the race for better limits of detection has been underway. However, little effort has been put into quantifying the physical parameters of these reactions. In this study, Duan and co-workers developed a method to normalize the sensor response by using the device's future science group
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The researchers further demonstrated a site-directed mutagenesis method to replace negatively charged aspartate residues with neutral and positively charged residues to facilitate DNA translocation. However, the velocity of free DNA translocation through the nanopore is too fast to obtain nucleotide-specific current modulation. This is resolved by using a complex of the phi29 DNA polymerase bound to the DNA template [2] . The extension and excision of nucleotides are prevented by a 'blocking oligomer' annealed at the end of the template. Thus, the complex prepared for DNA sequencing can be drawn into the nanopore towards the trans side. Once the 'blocking oligomer' is unzipped by pulling the ssDNA in the nanopore towards the trans side, the phi29 DNA polymerase begins incorporating nucleotides into the primer strand and switches the direction of DNA translocation in the nanopore to the cis side. The synthesis time (t syn = 40 ± 10 ms) enabled the necessary temporal resolution to generate reproducible current levels for DNA sequences with 40-50-nucleotide long readable regions. Overall, development of a nanopore-based method for identification of bases is still a grand challenge, and Manrao and coworkers have brought us one step closer to achieving the goal of direct single base sequencing using a nanopore channel.
